Fifteen monoclonal antibodies (MAbs) directed against Salmonella typhi were produced and characterized. The specificities of the antibodies were'determined by their binding patterns in an enzyme immunoassay, with a panel of lipopolysaccharides isolated from different bacteria. Seven MAbs reacted with S. typhi, Salmonella enteritidis, and Salmonella dublin (all belonging to serogroup D). One MAb also reaçted with Salmonella paratyphi A and S. paratyphi B. Five MAbs reacted with S. typhi, S. enteritidis, S. dublin, and S. paratyphi B. Two MAbs did not bind to any lipopolysaccharide but showed reactivity with bacterial sonic extracts isolated from S. typhi, S. paratyphi A, S. paratyphi B, Escherichia coli, and Shigella sonnei. These antibodies would be helpful in studying the complexity of antigenic determinants expressed by S. typhi and the nature of the antibody response during typhoid and paratyphoid levers and also in the diagnosis of the disease.
Typhoid fever continues to be one of the major public health problems in many countries of the world. The disease, reported as far back as 1659, is still not very well understood in terms of its pathogenesis. Although a heat-killed vaccine against typhoid has been in use for a long time, it confers only short-term immunity and does not prevent relapses (2) . Antigens implicit in protective immunity are inadequately characterized. Monoclonal antibodies (MAbs) to Salmonella lipopolysaccharides (LPS) and O polysaccharides are reported to protect mice against challenge with virulent Salmonella typhimurium (1) . LPS and O antigens are, however, complex entities, and one should expect multiple determinants on these antigens. Although hybrid cell clones have been generated previously against S. typhimurium, there has been only one report of hybrid cell clones having been generated against Salmonella typhi (7) . The present communication describes 15 stabilized hybrid cell clones secreting MAbs of diverse specificity. Besides their utility in the delineation of antigenic determinants, these MAbs would be helpful in the early diagnosis of typhoid fever because of their ability to detect the main causative factor of pyrexia, the endotoxin. with freshly prepared 3,3-diaminobenzidine solution (0.05 mg dissolved in 1 ml of 50 mM citrate buffer, pH 5.6, containing 0.03% H202). Gels were silver stained essentially by the method of Tsai and Frasch (11) .
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RESULTS
Fifteen hybrid cell clones secreting MAbs were obtained from four fusions in which two different immunization regimens were used as described in Materials and Methods. Table 1 gives the reactivity of MAbs with a panel of LPS. All except two MAbs reacted with LPS isolated from S. typhi, S. enteritidis, and S. dublin. One MAb, P3B2F7, also reacted with LPS isolated from S. paratyphi A and B. Five MAbs reacted with LPS from S. typhi, S. enteritidis, S. dublin, and S. paratyphi B. These five MAbs were obtained from mice immunized with heat-killed bacteria instead of the sonic extract. None of these antibodies reacted with S. paratyphi A, thus differentiating two serogroups which are closely related in terms of O antigens. Two MAbs, PlA2B1O, and PlA2All, bound to antigens distinct from LPS, showing considerable cross-reactivity with S. paratyphi A, S. paratyphi B, E. coli, and S. sonnei (Table 2 ). All MAbs reacted with intact bacteria as well (Table 3) . Four MAbs were of IgG2a(K), five were of IgG3(K), and six were of IgGl(K) ( Table 3) .
Four MAbs, PlC4C9, P6C3G9, P3B2F7, and PlA2B1O, representing four different specificity patterns, were further analyzed by Western blot. MAbs PlC4C9, P6C3G9, and P3B2F7, reactive with LPS in the direct-binding EIA, showed a typical ladder-type pattern of closely spaced bands (Fig. 1A, B , and C), corresponding well with the silverstained pattern of LPS in the gel (Fig. 2) . However, the pattern shown by P6C3G9 was slightly different from the pattern shown by PIC4C9 and P3B2F7. The reactivity in the immunoblots correlated well with the direct-binding EIA. PlA2B1O did not show any reactivity with LPS in the immunoblots as well. When reacted with bacterial sonic extracts transferred to nitrocellulose, it bound to a single fast-migrating band of around 14,000 daltons (Fig. 1D ). Western blot analysis showed three of the four representative MAbs, P3B2F7, PlC4C9, and P6C3G9, recognizing a ladder-type pattern of closely spaced bands with LPS. This pattern has also been demonstrated by Sidberry et al. (8) and Stoll et al. (9) with E. coli and Pseudomonas LPS and is attributed to the molecular heterogeneity of LPS molecules arising from the natural heterogeneity of sugar moieties composing the O side chains (4). There was a good correlation between the immunoblot analysis and the direct-binding EIA. MAb PlA2B1O showed a fast-migrating band common to five gram-negative bacteria. This could be either a protein molecule or a nonprotein entity which is not a part of LPS.
DISCUSSION
The data strongly indicate that the outer membrane of S. typhi is highly complex and presents a battery of antigenic determinants. The fact that so many MAbs generated by immunizing either the sonic extract or the whole bacilli react with O antigen reflects the immunodominant character of these antigens. Furthermore, within the O antigens separate subspecificities are discernible by virtue of the reaction with discrete MAbs.
The MAbs are currently being studied for analyzing the immune response in patients suffering from typhoid and paratyphoid fevers. This would give an insight into the fine specificity of antibodies produced during the disease.
